Urbanicity, the impact of living in urban areas, is among the greatest environmental challenges 152 for mental health. While urbanicity might be distinct in different sociocultural conditions and 153 geographic locations, there are likely to exist common features shared in different areas of the 154 globe. Understanding these common and specific relations of urbanicity with human brain and 155 behavior will enable to assess the impact of urbanicity on mental disorders, especially in 156 childhood and adolescence, where prevention and early interventions are likely to be most 157 effective.
158
We constructed from satellite-based remote sensing data a factor for urbanicity that was 159 highly correlated with population density ground data. This factor, 'UrbanSat' was utilized in 160 the Chinese CHIMGEN sample (N=831) and the longitudinal European IMAGEN cohort 161 (N=810) to investigate if exposure to urbanicity during childhood and adolescence is associated 162 with differences in brain structure and function in young adults, and if these changes are linked 163 to behavior.
164
Urbanicity was found negatively correlated with medial prefrontal cortex volume and 165 positively correlated with cerebellar vermis volume in young adults from both China and 166 Europe. We found an increased correlation of urbanicity with functional network connectivity 167 within-and between-brain networks in Chinese compared to European participants. Urbanicity 168 was highly correlated with a measure of perceiving a situation from the perspective of others, as 169 well as symptoms of depression in both datasets. These correlations were mediated by the 170 structural and functional brain changes observed. Susceptibility to urbanicity was greatest in 171 two developmental windows during mid-childhood and adolescence.
172
Using innovative technology, we were able to probe the relationship between urban 173 upbringing with brain change and behavior in different sociocultural conditions and geographic 174 locations. Our findings help to identify shared and distinct determinants of adolescent brain 
186
Urbanicity can be defined as the impact of living in urban areas at a given time, and 187 refers to the presence of conditions that are particular to urban areas or present to a much 188 greater extent than in nonurban areas 5 . Urbanicity and urbanization are among the greatest 189 environmental challenges globally. Whereas in 1950, less than 30% of the world's population 190 lived in urban areas, this number has increased to presently 55% and is expected to rise to 68% 191 in 2050 6 
247
We first tested the correlation of UrbanSat with brain gray matter volume (GMV) in 831 248 participants from the CHIMGEN (23.81±0.82 years) ( Supplementary Table S1 ) for whom 249 geopositioned data were available since birth. We found a negative correlation of UrbanSat 250 with left medial prefrontal cortex (mPFC) volume (MNI-coordinate: x=-3, y=45, z=27; 4180 251 voxels; F value peak=-6.53; Figure 2A Figure S1 ). To replicate our findings in a European sample, we carried out a 276 similar voxel-wise multiple regression analysis in 791 adolescents from the IMAGEN at age 19 277 (19.00 ± 0.71 years) ( Supplementary Table S1 ). UrbanSat also showed a negative correlation of 278 UrbanSat with left mPFC volume (MNI-coordinate: x=-7.5, y=67.5, z=-13.5; 460 voxels; 279 F-value peak=-5.71) and a positive correlation with cerebellar vermis volume 280 (MNI-coordinate: x=-5.5, y=-59.5, z=-9.5; 876 voxels; F value peak=5.65; Figure 2C 
284
We then investigated potential susceptibility periods during which exposure to urbanicity 285 may have the strongest influence on brain GMV. In the CHIMGEN young adults, for whom 14 / 35 geoposition data were available since birth, we created age sliding windows by averaging 287 UrbanSat for each subject over a period of three years and measured correlations between the 288 exposure to urbanicity in the resulting windows and GMV. The periods showing the greatest 289 susceptibility to urbanicity were childhood (age 4 to 7 years) and adolescence (age 11 and 14 290 years) ( Figure 2B ). During childhood, we observed significantly higher correlation of 
303
We next investigated the correlation of UrbanSat with white-matter microstructure using 304 tract-based spatial statistics analysis of diffusion tensor imaging (DTI) neuroimaging data. We 305 did not find any significant correlation of UrbanSat with brain fractional anisotropy in either 
342
Upon investigating potential susceptibility periods for FNC within the aDMN, we found 343 the greatest correlation with UrbanSat during adolescence (age 13 to 15 years) 344 (FWE-correction, voxel P<0.05, Figure 3C Figure 4D and Supplementary Table   362 S2 and Figure S3 ). Whereas the susceptibility period for between-network connectivity 363 involving self-referential thoughts 22 Table 1 and Supplementary Figure S4 ) (Bonferroni-correction 404 P<0.05). The correlation between UrbanSat and perspective taking performance was strongest 405 during adolescence (age 13 to 16 years in accuracy and 14 to 18 years in reaction time). We 406 confirmed the positive correlations between UrbanSat and perspective taking in IMAGEN at 407 age 16 years (r=0.103, P=0.009), the earliest age these data were available ( Figure 4F , Table 2 408 and Supplementary Figure S4 ). In the IMAGEN at age 19 years, we observed a trend-level 409 significant correlation between UrbanSat and perspective taking (P=0.056) ( Table 2 and 410 Supplementary Figure S4 ). In CHIMGEN, UrbanSat was correlated with number of symptoms in the Beck Depressive 412 Inventory (BDI) (r = 0.209, P=1.44×10 -5 ) and state anxiety (r = 0.132, P=0.001) (Bonferroni P 413 < 0.05) ( Table 1 and Supplementary Figure S4 ). The correlations between UrbanSat with BDI 414 and state anxiety suggested greatest susceptibility during adolescence. ( Figure 4F Figure S4 ).
420

Mediation of the correlation of UrbanSat with behavior by brain measures
421
We then investigated if left mPFC and cerebellar vermis volume, as well as the significant 422 within-and between-network connectivity mediate the correlation of UrbanSat with 423 perspective taking and symptoms of depression and anxiety.
424
In CHIMGEN, the correlation of UrbanSat with perspective taking was mediated by the 425 left mPFC volume (P<0.001, r 2 =0.20), cerebellar vermis volume (P<0.001, r 2 =0.15), FNC 426 within aDMN (P<0.001, r 2 =0.12) and VN (P<0.001, r 2 =0.13), as well as by the between 427 network FNCs aDMN-CBN (P<0.05, r 2 =0.10), aDMN-rFPN (P<0.001, r 2 =0.13) ( Figure 5A ).
428
In IMAGEN at age 16, the association of UrbanSat with perspective taking was also mediated 429 by left mPFC volume (P<0.05, r 2 =0.10), FNC within the aDMN (P<0.001, r 2 =0.36), between 430 network FNC aDMN-CBN (P<0.001, r 2 =0.23), aDMN-rFPN (P<0.001, r 2 =0.20) ( Figure 5D ).
431
We did not find a mediation effect of the cerebellar vermis volume in the IMAGEN at age 16 432 (P=0.26).
433
In CHIMGEN, the correlation between UrbanSat and BDI was mediated by left mPFC 434 volume (P<0.001, r 2 =0.40) and aDMN-ECN (P<0.05, r 2 =0.12) but not by the cerebellar 435 vermis volume (P=0.97) ( Figure 5B ). Susceptibility to state anxiety was mediated by the left 436 21 / 35 medial frontal superior cortex volume (P<0.001, r 2 =0.38) as well as by cerebellar vermis 437 volume (P<0.001, r 2 =0.30) ( Figure 5C ). In IMAGEN the correlation between UrbanSat and 438 depressive symptoms was mediated by FNC within the aDMN (P<0.05, r 2 =0.11) and 439 aDMN-ECN (P<0.001, r 2 =0.25) ( Figure 5E 
530
In contrast to previous studies reporting an association of urbanicity with social and 531 cognitive impairments 48 , we find better performance of one social cognition variable, 532 perspective taking, in an urban environment. These previous findings were mostly derived from 533 samples at risk for schizophrenia 48 . As our cohorts were recruited from the general population, 534 it is possible that we detect an adaptive behavior to living in the city, which might be 
